Request for Additional Information
On the NEI Draft of :
"PWR CONTAINMENT SUMP EVALUATION METHODOLOGY GUIDELINES"

The NRC staff transmitted a preliminary review dated February 9, 2004, relaying major problems
identified in the draft methodology guidance. This request for additional information (RAT)
expands on that preliminary review. The following questions and comments are organized into
four groups: 1) general requests that apply to the whole document, 2) requests that apply to a
particular aspect of the blockage evaluation, 3) a list of guidance areas targeted in thls‘»RAI and
4) detailed questions that apply to a specific location in the text. r(‘,\(

1.0 GENERAL REQUESTS

1. Please provide a high-level description of the overalé jgckage evalgzigc;ﬁ}ﬂ
of the key components of the evaluation (i.e., break §€lection, debns generation de b“ Foegd
transport, and head loss), and explains how the resu ts of one *é?mponent are 1}sed by the
next. An organizational chart of the evaluation process' o "ld_be an asset for the reader
Please also explain in the overview whether the vanous £0 )
technical sections are to be viewed as completely 1qterchadg I
does the choice of Option 1 for debris generation dictate the'd of: 0pt10n 1 for all other
aspects of the eva]uatron” If there are 1mport‘z‘1_nt dependenmeg‘betw t

ST

2. Please address the level of conservafi X
recommend conservatisms that thég:mlrtles sHould use 1}"1 their respectwe evaluations. For
example, should each step in ghwaluatrlgrfs‘assume bgﬁndmg conditions as was assumed in
the boiling water reactor (Bf}VR) drywell debns trar}sport study [NUREG/CR-6369], or
should analytical assumptlons be more; feal@r_c"é.Addressmg the issue of appropriate
conservatlsm at the begmnmg of the gurdance1 and then aligning subsequent assumptions for
eaclr evalq‘atron step ,&Wlﬂ"l_ the stated of>1ect1ves Wwould be useful. The NEI guidance
freqdentlyluses broad éssémp‘hons to compensate for missing data and models, and it does
no‘?pm\’lde ‘Stiitable Jl?“ﬁﬁcafrons‘that are needed to ensure that engineering judgments are

‘-b%unded ‘i’resyen’fly,tthe NEI report contains a mix of assumptions, both over

du de‘r conséryatie. However, the over-conservative assumptions cannot be

,,'_the under“onservative assumptions in the overall assessment. In

i phrz}’se ~conservatively assumed" was used without any justification to

support this posm nko‘rito clanfy the degree of conservatism. For some of these statements,

NRC-sponsored reseaf'ch indicates that the associated assumption is not conservative.

Whenever analysé?‘cannot argue convincingly for a realistic approach, you should consider

assuming bound“ ing conservatisms to ensure long-term emergency-core-cooling-system

P
. 4

_fléas address the potential need for additional testing in the NEI guidance. For example,

: .two ‘Areas where testing could be beneficial to a utility include the following: (1) when data
are lacking for a specific aspect of the evaluation (e.g., insulation-specific destruction
pressures), the conservatisms needed to compensate for the lack of data could be so
restrictive that the utility could elect to conduct tests to obtain the missing data; and (2) when
the plant-specific resolution involves new strainer or screen designs, or significant variations

1 3/22/2004

ATTACHMENT 11



on existing designs, these designs need to be tested to ensure theéir functionality, especially
the ability of the design to negate the formation of a thin fibrous debris bed. Please address
these potentialities in the guidance.

4. Please explain the basis for applying an extrapolation of existing test data to other untested
materials. In the NEI guidance, many parameters -- such as destruction pressures, transport
parameters, and head-loss parameters — were simply assumed with no justification provided.
Please provide adequate justification and/or applicable test data, or else consider it;tting the
assumed parameters to a conservative extreme (e.g., an unknown destruction pre§§ﬁre set to

the lowest damage pressure known for the most vulnerable insulation 6*_;3:3). S

5. Why were more analytical tools and methods for the morgil__etailed,v c
recommended in the NEI guidance? For example, oncﬁ%gﬁ"f'hat wo:ﬁﬁ bene
guidance is the systematic estimate of debris generagﬁﬁ‘huantities-‘ hérethe
must be evaluated for a relatively large number of break types an‘a‘lbcations. S
these analyses have used computer codes designed gﬁée‘nﬁgﬂallﬁifsr this purpose’ez h
PWR volunteer-plant analyses used a computerized #nalysis that employed a CAD'Mbdel of
the plant piping systems. The BWR industry also uséﬁi&&»ilge{xzed tools. Also,
NUREG/CR-6224 (parametric study of BWR sump bﬁ*ék‘ei‘gé')‘illﬁ's“trated how this analysis

At SPTIY

was performed by hand for the BWR volunteer-pldnt analysis;

6. The NEI should consider summarizing the g'gggf@lggf@pd experience ;ga'l'r'led during the

BWR strainer-blockage resolution. At a nimut, iidance could describe the advanced
strainer designs, how the screen designfeatures wf“o‘f'gqncfeﬁﬁhplerﬁented (for both, passive

. . . ¥ » £ RS A L S, N
and active designs), and the testmg@f’those dgé_;gns. In particular, the guidance could
address how the advanced convgl.ﬁéd desiggg%reventeﬁiﬁé’formation of thin fibrous debris
beds. The guidance could alsé:_‘ggg,rcss the:’;i&lvice givgr!;fn the NRC SER to the BWROG
URG, where NRC staff posiﬁqﬁg were 9 ered on seyeral of the existing deficiencies
discussed above. 5 S

‘3? N e
4 = . - '
7. dertake sub antial.technical review and editing of the rough draft

ke,

e clarity, accuracy, report integration, and correctly cited ‘
ces?:For examp]é;f;tllf_:igi;zifg has place holders that need to be completed on the topics

of: 1)doyn @f%;xg%effects,fi?;‘féé:@ﬁ?fﬁson to regulatory guide requirements, and 3) the

emerging _g‘gg_g'gf@iégg\rding hénﬁ€51 effects. A number of references were incorrectly cited

or x‘ry:ss'iﬁ'g.“""P‘é‘f's% f;’,_o;g;punicéfions need to be documented. Please address the overall

y_té”gration effort{g_teij’,ciééf{gr consistency in the report (e.g. the treatment of tags & stickers

#'as small pieces in bﬂu ebriS-generation section, but treatment of such debris as sheets that

& cover the screen in;'ghe';head-loss section).

5T

Could the treat ‘géri{t of coating debris benefit from providing more detailed information,
clarificatioqééﬁd integration throughout the report? For example, the likely forms of paint
ebris zi%:_g;c_ig;'z'lddressed -- i.e., in some locations, the report treats coating debris as fine
yparticlesand in other locations, data for paint chips is presented. The treatment of coating
debris as very fine particulate will lead to high transport estimates and associated high head
losses. Conversely, the treatment of coating debris as overly large chips could lead to
nonconservative transport and head-loss estimates. Please consider providing a realistic size

distribution.
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9. Why is buoyant debris not assessed more thoroughly? Even though buoyant debris is not
likely to cause sump screen blockage in situations where the debris would float well above
the sump screen, it should be considered. Situations where it could have a significant 1mpact
on long-term cooling include:

» For a nonsubmerged sump screen, especially in a shallow pool, the buoyant
debris that floats to the screen could effectively reduce the screen area available

to flow.
» Buoyant debris can block upper level drains, thereby reducing the sump pool
water level. ng*

» For newly designed sump screens, the buoyant debris cou]‘chmpact ‘tife screen in
other ways. For example, given the new tea-cup des:gn devezloped for Davis
Bessie, where the top of the cup is near the Water surface ebuoy{int debris could
potentially be drawn down into the cup and; 1mf§ede the ﬂow Wi vater,

‘4,” LS

10. Please consider an appendix that contains a data sheg
material, and perhaps for coatings as well. Each da%':
manufacturer data, and data determined from releva
useful.

11. Please address the use of active strainers.

evaluation. The major categories of,gu'{r evaluan
generation, 3) blowdown/washd n  débris

The NI I mdance offersifive;

first two' pn ons'are basec?‘bn_

(BWR) strail Jer-blockage 1ss§é,‘z1' -‘e”_1_ther to assume that (1) all of the insulation inside the crane
Y

24
or1s-or that &) ‘a:pipe is completely severed leading to a spherical damage
zone as, dégznbed‘ii RGEI'.-SZ\ The furd and fourth optxons employ fracture mechanics and LLB

"ljnusual types of br I?eaks may not be bounded by these assumptions — e.g. Davis Bessie upper
i 2ad erosion or T pe rhaps seismically-generated breaks.) And although Option 5 bases the
zg§§1ifgled,bfeak Characteristics on a reactor-coolant-pump (RCP) seal loss-of-coolant accident

A) 'fhlcfx is certainly one possible type of LOCA; should it be included in the guidance if
nhkef§ to represent a conservative break scenario? :

Please clarify Section 4.2.2.5, entitled "Other Considerations," in the guidance. Please consider

determining the worst-case breaks using a systematic, coupled process evaluating debris
generation, debris transport, and sump-screen head-loss for each break to determine which results
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in the most challenging scenario. For example, consideration of breaks near high concentrations
of the more problematic insulations (i.e., CalSil or MinK) and fire barrier material, as opposed to
locations with two or more types of insulation as suggested by the guidance, would be useful.
The determination of the particulate-to-insulation debris mass ratio (better described as the
particulate-to-fiber mass ratio) for each break location depends upon the containment-wide
evaluation of the latent/resident debris in addition to the LOCA-generated debris. Unless there is
significant particulate insulation debris, the selection of the worst-case break may depend greatly
on the amount of resident debris. Due to transport processes like the initial pool fill, breaks
located away from the sump screens could actually result in more debris deposxted close to the
screen than breaks located nearer the screens. The final paragraph in this; §§ct101;,regardmg the
evaluation of probability of failure and the predicted mode of failure couﬁbé‘ Xpandcd to
include more explanation, evaluation criteria, and examplesﬁr; oy 3

2.2 Debris Generation

2.2.1 Zone-of-Influence

™

Please provide guidance for accomplishing the mapping ofjaitypic cal: PWR jettoa sphere beyond
simply stating the concept of equivalent damage-pressure’ voiumes i'The\NEI gundance
recommends using a spherical-shaped ZOI as was recoimmended b§
repeatedly recommending a spherical radius of 12 umes that of the'by okenf" ip
(L/D=12). However, this radius was deve]oped¢for aBWRk_]et and 1s{hot dlrectly applicable to a
PWR jet. Please consider that the volume fﬁm a‘paffxé' ’;,pressure iSobar in a PWR jet could
be significantly larger than that for a BWRﬁet beca fe tl];fpn_)’ary,s]) tem pressures are
substantially higher in a PWR than in a BWR In a6 ditions a‘PWR Je’{ will contain more liquid
water to vaporize during depressunzanon than a BWR jet. Kist so, ‘Timited NRC testing of debris
genemtnon in two-phase jets indicdfed 2 modest’ decrease i damage pressure thresholds and an
increase in the proportion of smﬁle?;nore trgnsportable df:.bns sizes. Therefore, more rigorous
mapping guidance aimed %P\ $ would “c”u*s{eig_lﬁ,{d@)“
i .j). 7 ; s}g—"
The‘%\ﬁOG URG m‘%)p_mg ~rﬁ%del which?&esulted in the 12 pipe diameters was based on a
saturatgd sfeam i jet at 1079 p'sig': {The BWROG used a computational fluid dynamics (CFD) code
to detemmi"e"‘pressure isobat Y "mes “within a BWR jet for a number of pipe-break
conﬁguratnbns “iPJe;fs%consm' lﬂg g\smular analysis for PWRs if the spherical ZOI method is
to be used. ¢IF the NEI’does not pr y;de this analysis, then please consider having each utility
performetﬁe analysxs smce the modél'in the BWROG URG does not apply to a PWR. A
mxsappllcatlon of the reV1ous model may underpredict the volume of debris. It is noted in the
gu1dance that an wgf 12 was Fused in the parametric evaluation [NUREG/CR-6762], but that
study only had the obJectlve of determining whether or not there was a credible concern. A
credxb]e concern waslémonstrated using a smaller sized sphere than may be appropriate for

S WRs, therefore, altﬁough its use was valid for that study, please consider that it may not be

: ‘Ther’mappmg of a PWR jet to an equivalent sphere was not mentioned in the NEI report. Was
‘Siich ~m’%:ppmg performed to justify recommendations regarding the dimension of the sphere?
Please also consider that the dimension of the ZOI should be related to the specific insulation
products that are impacted. For example, a 12-diameter ZOI implicitly referred to the destruction
of unjacketed fiberglass, but this distinction is not carefully explained in the NEI guidance. The

uniformity of plant-specific analyses would benefit greatly if this technical topic were addressed

4 3/22/2004



thoroughly and accurately in the NEI guidance.
2.2.2 Destruction Pressures

The NEI guidance cites primarily BWROG URG data for insulation destriction pressures, i.e.,
the threshold pressure where insulation starts to be damaged by the jet. This data was obtained
from testing that used an air jet as a surrogate for steam to cause damage to the insulation
materials. The jets from postulated PWR breaks would be two-phase; hence, please address the
applicability of air-jet-determined destruction pressures to PWR jets. It was noted mfg}’
NUREG/CR-6762, Vol. 3 that the destruction pressures could be lower for® ;two-pl zfse jets than

for air jets based on limited Ontano-Power—Generatlon (OPG) two-phasq tesf‘da ar “If an analytlc
LEabiliG

pressures to ensure long-term ECC. Please correct and clanfy the dest Qllé’n' SSﬁre’s,

pressures
recommended in the NEI guldance (Tables 4.2.5.1-1, 4 f 5'2 1,42 5 B¢ 1, and 4%} 3*6-' :

4v~

1. The NEI guidance recommends a destruction pressur el Q S
was previously accepted by the NRC in the staff‘é‘\;aluatlo“ of&tbe BWROG URG

Please note that BWROG air jet Test 6-2 in the £URG cle’éﬂy»showssubstamlal damage

to a NUKON® blanket with Velcro® band closures ata p}’essﬁrc of 6 p51 Gie., 1.9%
e 'deb fis

increase by 30% if the destrucngp‘i;}essure és‘.dec;eased from 10 to 6 psi. Please
consider this concern when esgmatmg the, d‘ebns\flié butlon within the 10 psi ZO],
i.e., the acceptance of 10 psi,asithe destnfétlon presst ure hkely considered conservative
debris generation. In addxffofz‘?please so consxder potentxal reductions to destruction
pressures to offset uncertamhﬁés ass c1ated with alr “jet testing (see above)

2. a;l"he NEI gmdance‘;ec xpmends u 'ix'j

y *t: bgrglass PleﬁgéN provxde Jusnﬁcag_pn for thlS assumptxon or simply recommend a

conservative. ‘I-s, dat .avallable for these other configurations, to verify that 17 psig is

conservative? £l noi please consider using a substantially lower pressure to ensure

conservatism/ a‘In addition, please also address the comment section of Table 4.2.5.1-1,

which rcc&mends using the NUKON® destruction pressure for Temp-Mat, which

conﬂlcts x\‘htb the earlier guidance.

ﬁ,,

‘T»h&NEI guidance cites NUREG/CR-6369 for the destruction pressure of Transco

"ﬁberglass Did this document determine any destruction pressures? Was this simply a
reference citation error? Please address the destruction pressure of Transco fiberglass.

5. Min-K is listed as miscellaneous fiberglass insulation, whereas NUREG/CR-6762, Vol.
2, lists it as a particulate insulation in the same classification as calcium silicate.
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Although these types of insulation do contain small fibers for added strength, it is
unclear that these small-size fibers will form a fiber bed similar to those formed by the
fiberglass insulations. Min-K, like calcium silicate, can create unusually high head
losses across a preexisting fiberglass debris bed. The NEI-recommended destruction
pressure for Min-K is <4 psi (like the NRC SER to the URG), but it does not recommend
how much less than 4 psi should be considered. Additional guidance would be useful.

6. Does the entry in NEI-guidance Table 4.2.5.2-1, apply to calcium-silicate insulation? If
so, then clearly stating so would be helpful. And what destruction pressures/re being
recommended for calcium silicate? In addition, please address an‘incorrec Teference
cited in the guidance related to some OPG test pressures and co Iésp‘ nd,ing
recommendations from an NRC reference. The ori mal recomﬁ{-nrendatlon of a 20-psi
destruction pressure for calcium silicate came from NUREG/CR-6808 (Pa“g"e 3-18,

‘dr' fr-gui

7. The NEI guidance does not include a destructio
unibestos, Microtherm, gypsum board, or any of;the
information would be useful.

'he bases for assmnptlbns made for the

SN B,

(Koolphen) in Table 4.2.5.6-1, p]eas?dﬂrg ‘
other five entries. If the caveat of " servat& y,§s§umed" is apphcable for these

entries, then please address the j just ification or the_‘cav'

Please consider that testing has clearl shown that: destmctn%’n préssure depends upon the
orientation of the jacket seam. Howev 1, the pf’G data were "not comprehensive enough to
provide destruction pressures as:a: functxon f.s seam ori atlon, and yet, the NEI guidance
suggests that credit can be akeh for seam nentatxon (éfnscussed in Section 4.2.5.2) when
considering calcium-silicd emsulatlon For a'spe_elﬁc ‘Jet and insulation arrangement, an analysis

of me,s‘éafn onentatlo 5 ould be?valxd bu the plant would then have to mamtam these
oneﬁanons throughout Dl

.a’I‘he degree of damage to insulation debris is a necessary input to the debris transport analysis

% and is usually pres‘gnted as a size distribution for each type of debris. Please consider correcting
mprovmg specfxﬁc problems identified in the NEI guidance for estimating the size

.0 LOCA-generated debris. They are as follows:

5"

i+iThe NEI guidance for a suitable debris-size distribution for NUKON®, which was
recommended as a surrogate for several other types of insulations as well, simply
referenced NUREG/CR-6772. The NUKON® debris described in NUREG/CR-6772
was created by passing NUKON® insulation through a leaf shredder to create a
 reasonable substitute debris type for the purposes of those tests. No size distribution was
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provided. Please consider providing guidance for a size distribution for NUKON®
which includes the fraction of the insulation that is destroyed into very fine and highly
transportable debris, the fraction of small-piece debris (similar to the debris produced by
the leaf shredder), and the fraction of larger size debris (illustrated in the NEI Table
4.3.3.6-1). For example, it was found in the DDTS experiments [NUREG/CR-6369] that
15 to 25% of an insulation blanket that was completely destroyed by the air jet was
degraded into debris so fine that it could not be collected by hand. Much of this fine
debris was small enough to pass through a fine-mesh collection screen and would almost
entirely transport in a PWR to the sump pool where it would remam suspended"untll it
was filtered from the flow at the sump screen. Accounting for thig" r\:&ery ﬁn'é debris
fraction in the debris generation and transport analyseséwould be yseful “Other valuable
sources of data for debris-size distributions are the descnptlons-o daﬁiage found in the
BWROG URG for their air-jet debns-generanon tests’“

ﬁ@afor ey

S Nt e

2. The NEI guidance recommends assuming the de ns-sne dlstnbutlon of;

several other types of insulation including Temfi-Mat mm”eral wool, genene ﬁberglass,
and most of the fire barrier materials. No physwal foundaglon is provided for this™

recommendation. Please consider conservatively ke\;vmgr he sxze dlstnbunon towards
the smaller and more transportable 51zes to cormy é‘ﬁsate

Noting that calcmm—sﬂlcate debfishasa s rﬁng tehdenc to'.t:ﬁ’rther degrade into fme
pamculate especxally in hot, w’ater, it coul d be assufed that all of the calcium-silicate
debris is in the fine size cafggory and that nearly IOb% transport to the sump screens will
occur if the contammentfsprays acti ate Please, c’éns1der that it is likely that Min-K
would behave ina matﬁler smular _‘c‘ cium; silxcate If applicable data is lacking, then
KA also reduced completely to a fine and highly-

xrgsulatxon ach s‘: tt l}IEI guidance recommends a size distribution from Ref. 7-
32 uq(thou“f‘mcludmglhe‘c{hsmbuuon in the guidance. Does Ref 7-32 (an industry report
® ._,mclude }s ze dlstrlbutlon for RMI? Was the mtended reference the

156 the RMI cassette in the Siemens test was placed directly over the
break jet to exféﬁre complete destruction. In addition, please consider that this data
applies specgcally to DPSC Mirror SS RMI cassettes and may not be applicable to other
types or matirfactures of stainless-stee]l RML

i

debns-);lze distributions observed for specific insulations damaged at specific jet

-'»w_.,.,pressures Insulation near the break is typically totally destroyed resulting in fine or
small debris, whereas debris nearer the threshold pressure may only suffer minor damage
resulting in larger debris pieces. Please include a discussion in the NEI guidance
addressing the conversion of type-specific and pressure-specific damage data to a

spherical ZOI. Such a method is outlined in Section 3.3.3, of NUREG/CR-6808, and
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may be useful. Note that directly applicable data exists for only a few types of
insulation.

6. Over time, various studies have described the size distributions of debris differently.
NUKON debris has been categorized in as many as 7 classes and as few as 2 classes
depending upon the analytical treatment. The NEI guidance currently presents multiple
classification systems, but to improve understanding and consistency, please consider
settling on a classification system(s) and relating all further guidance to that description.
A system based on debris-transport characteristics would be effectlve -e.g ‘{fNEI Table
4.3.3.6-1 for fibrous debris.

2.2.4 Latent Debris

than 3 1bs of debris per 10,000 fi® of horizontal surface a‘rea and that’ﬁ‘“genenc up" r.bo;‘;
the latent debris is 150 Ibs. How and where was this deErrs collecfad? Please prowie 1]
mformatnon regarding these debris samples to allow an evaluatlon__lof the quality of the- ‘data. Do .

trays and on and around equipment? Based on past descnptlbns~ of: ihtent debris and ongoing
research, is it possible that 150 1bs represents a'typical quantltywb alatent e_lgns rather than an
upper bound? The debris characterization tests on; omg at Los A]amos Na onal Laboratory

1e guidance; é}testhe foreign material
’brls therg'fore, please provide
a ecentpenod of operation.

(LANL) may provide additional insights on thisfatter;

exclusion (FME) program as justification forvfumtedi{

guidance that validates the effectrvene?ffthls program.for
¥ 4

Consider that
GL-98-04 compiled information fromfplant mspectmn Teports‘as: recent as 1996 that clearly
showed substantial quantities of énSrfound dunng mamtgnance outages -— e.g., five 55-gallon
drums of sludge removed from the: “Haddam ﬁ.eck ECCS s mp [LER 96-014-00] along with an
assortment of miscellaneous débiis. If the { ro m 1s used to limit latent debris in sump-
screen-bldckage analyses{?ece&r"i} mspectlon‘treports ensunng the effectiveness of the program
would be ,%ggl. Please nsxder addrtwrfa@uahon on this issue.

*

The NEI gur}ance descrxbes condlttons%ylhereby debris could be generated by the sprays;
however’ﬁttfe‘dat e pra 6'v1ded reg?irdmg erosion rates for exposed insulation or failure rates for
nonqtfghﬁed coatmés -;Ptlease*"address these erosion and failure issues in the guidance. Some
e;osxon rate data was rportgd iih NUREG/CR-6369, which may be useful. A model is offered
there for the erosion of indulation where the jacketing does not overlap, but the basis of this

i ,,model is not supplledfg? validated. Please also more thoroughly address the erosion of larger

1 ‘{g@:bns that does nottf‘runsport to the sump pool, but is also subject to erosion by the sprays.

: ération may be of relatively short duration, degradation rates may be useful to

: 'Be‘cause Spray o
;‘al 4mount of fine transportable material generated during this time.

M2; j;]_ilb\'ﬁlbwn!Washdown Debris Transport

1. The NEI guidance refers to NUREG/CR-6762, Vol. 4, as the basis for transport logic charts.
Please note that the charts developed in that report, including the assigned distributions,
applied to the generic parametric evaluation and are not plant-specific. The NEI guidance is
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so simplistic (i.e., Figure 4.3.3.2-1) that it does not illustrate much of the complexity
associated with this transport analysis, and it does not show the possible variations in the
analysis that would be associated with different plant containment designs. Each step in the
simplified charts represents a fairly difficult analysis for which guidance is not provided.
Please address how each plant is expected to apply this chart, considering that a realistic
debris transport analysis is much more complex than the NEI guidance illustrates.

2. Airborne/washdown transport of fine debris (e.g., individual fibers) is likely to be pearly
complete when the containment sprays operate. Although some pomon of the ﬁn fibers
will be trapped at various locations, nontransport can only be justifie ﬁwhen aifbome fibers
are deposited at some location not impacted by sprays. Such locatlonsxépregént only a small
portion of the containment surface area. Please con51der¢cr1f catidh of the 4 :assumption of
nearly-complete transport of fines using an NEI calculdfion. A tlme‘fgan(g co?i‘sensus
recommendation could thereby be made to emphasmf nearly-complete??’ansp 1 fo
Alternatively, NEI may consider emphasizing those st aspects of he analysxs‘fha\ A ergfoqnd:ﬁ"
amenable to refinement to help prioritize licensee agaal” i ef Drts. % T

—g

3. A statement is made (Page 78) that if the containment pray
debris from the upper levels of containment is also e%u W
to predict washdown debris transport is not sufﬁc1ently develope "‘support a time-
dependent debris-transport estimate. Hence, if the- sp_gays operat f nypenod of time,
please consider that the washdown transport: raf' ¥l >
physical model can be presented to sup ( the' co
containment-water inventory calcu]an he d do, howe\L%r,Zpr y;g; va]uable insights into the
time and location dependent dramage paths tha(mtroduc'é’ ‘d'v bns to the sump pool.

E.W

es
Please notéihat existing

7 &7

4. Generic retention fractions are; offéred in tHe NEI guldance for the washdown transport

analysis. Please justify eac of these fraé‘iions, not }[ﬁ?’ for review purposes, but also so that
plant personnel can evalua linder w a condmons they may wish to deviate from these

‘gmdance recommends assuming that the break-flows uniformly distribute debris about
the ﬂoor of the compartment where the postulated break occurs and that, if the containment
design is open, then the debris may be distributed uniformly about the entire containment floor.
For additional guidance on introducing the debris to the sump pool, please consider that, in
reality, the introduction of debris is both plant-specific and transport process-specific. For
example, in the volunteer-plant analysis, most of the debris deposition at the sump level during
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blowdown transport occurred in the steam generator compartment where the break occurred,
which concurs with the NEI guidance; however, in a more open containment design, uniform
deposition across the entire containment floor is not necessarily the correct assumption. Rather,
please consider that each plant could assess the proper distribution pattern to assume for initial
debris deposition. This distribution can have a significant impact on the debris transport results
depending on the relative location of the sump. Further, it can be estimated by examining the
steam expansion flow paths around the break in combination with existing debris-generation test .
data describing the recovery locations of various debris-fragment sizes. Also, a large portion of
the debris, if not most of the small-size and fine debris, would be transported throughout the
containment building and reintroduced to the pool, along the contamment- ray dgéiﬁage
pathways. 2

2.4.2 Pool Formation Debris Transport

Please consider providing guidance regarding the pool fo f“ rmatlon wgter ﬂows an th > q’ﬁ:urrept*’
debris transport. The guidance document simply states: hit'engmeenng Judgment is. ised to
determine the movement of debris about the containment {16¢ Analyses performe

have demonstrated the pool formation process, and exper’ime have. shown the effectiveness of
the initial sheeting flow at moving debris. Please addrgss that-sheetmg flow could move the
debris preferentially towards the sump screens, away from the sgreens‘ of‘even into dead-ended
Nt
spaces. Please also note that these processes also depend on the locatlon 4t d:sxze of the break.
Because mspectxon could lead to incorrect and n'&fléanervauve debrisi; ransport results, it would
be useful if engineering judgments were s porte& by-me '_gful analyses such as CFD pool-
formation calculations or open-channel di nage-ﬂcg&' calculahons,«Thé obvious conservative
position would be to assume that all in tlally-trans tted debrisis located adjacent to the
recirculation sump screens, but s1gmficant reduct{dns in tragspori'may be found by appropriate
credits for sequestration in dead-efid gffmp aredShat are not ‘affected by spray-drainage cascades.
In fact, some licensees could corfmder diver, iGﬁ of debns dunng the pool-fill phase as a cost
effective mitigation strategy thzﬁ? takes advg 1ge Tgfff_ex)]astmg containment-floor geometries.

In the NE;~° uld;mée please agrdre s::hbw debris washed down from the upper containment is to
be mtroduced in '_I‘bgskump poo‘e Pl s‘é‘mclude proper distributions in estimating debris
transport w;thm'the pool » For exa p]e “debris trapped within the compartment containing the
break xguld Kydsn th ‘3ttom of that compartment, but consideration that the debris
distributed to regions! outsxde of the break compartment would enter the pool at as many
loc“zftlons as the spray dramage enters the pool, would be useful. Another example is, assuming
(ﬁsmbuuon of the debns i proportion with the spray drainage -- e.g., if 10% of the drainage
“enters the pool from a glven stairway, then 10% of the debris washed down from the upper
ntamment also enféfs the pool at that location. Alternatively, the guidance could recommend
: e:g@at all debris wasﬁ(ed down from upper containment be considered transportable because of

: dogradatlon mﬁ':e turbulent splash zone, thereby obviating the need for location-specific

dls‘tnbuuons #Please consider these approaches to addressing this issue.

L M

2.4.4 Debris Transport Estimates in the Pool

Please provide a degree of fidelity for pool transport modeling, perhaps above any other single
aspect of an ECCS vulnerability assessment, in the proper context with respect to assumptions

10 3/22/2004



made in the other phases of the accident analysis. For example, please consider the focus in the
guidance, on the details of computing water-flow velocities that induce debris transport. NRC-
sponsored research has systematically examined all of the phenomena associated with the
realistic accident sequence, and the expectation for such research tends to be the eventual
development of a predictive, deterministic approach for modeling the entire progression from
debris generation to ultimate head loss. Consider that this level of detail may be warranted in
some circumstances, but in others, it will not be.

transported, specifically considering debris that is not so likely to transporiito the screcn Hence,
the results of the blowdown/washdown debris transport and the assumpno' $hssbciated with that
analysis impact the focus of the debris transport analysis. The’ %spects{t; debri ”trzmsport that
will have the most significant effect on reducing the traniport ft-fractions Xlﬁ depcnd lupon both
the characteristics of the debris and the conditions and geometry of the: poolq’vF" example, ina «&
slowly-flowing pool where substantial debris-curbing su&rr”"ounds thcret:lrculanon i'ﬁ Aittles o
large debris would be expected to transport to the screen:: In a suuahon where substantlal Eriall

debris enters the pool and subsequently settles to the pogl f fions

In the focus of the pool transport analysis, please consider reflecting the t}rge and 51ze of debris

0oL, and the transport conditions are
marginal, then a larger analytical effort could well payoff ina: educed transport estimate.
Suspended debris, such as individual fibers will almost ce"rtm tralisport to the screen over long
term operation. Illustrated practical tradeoffs throughdtit the guxdar?é‘é’ C\?opld help licensees
prioritize their analytic investments as well as reinforce:the mtegrgﬁo ‘axid;lﬁteracuon of

TR
assumptions throughout the assessment. :

Specific requests on this sectlon of the
"I
1. NEI gundance regarding the ( approac f appears to ocu}; on floor-level debris
transport -- i.e., tumblmg ﬁd shdmg gam, please ‘consider that the fine suspended
debris would all tranqu_tjgfo the scregens. Please, 6‘6n51der using velocity contours to
estimate floor frac}gonsﬁwhcre the ‘{]Po;\?welocmes are less than a particular transport
eloc1ty This z}pproagh is then very.¢ lepend em upon where the debris is introduced to
.‘th'efp,ool (see aboVe ,HISC%SSIOH) ltﬁo iigh'the guidance appears to recommend a uniform
: n;tlal-flgbns dlétrlb_ i ,{please consider that high water velocities during pool
fb"fﬁﬁtlon jwould skey dcian?‘mto geometry-specific patterns. Also, consider that
washdoWn debns would: enter.with the drainage flows, hence, the debris may enter the
pgxgl m«propo‘rtlon to theWolimatric flow of the drainage paths. Please also address
debns mnl’lally introduced at locations of higher velocity that
I go Jocations of lower velocity, and the finer pool details such as
?: eddnes and tur ﬁlence,‘am the guidance. Regarding code convergence criteria in the NEI
¥ guidance, please orisider referring the user to specific software recommendations
because i impl¢ cf"mentatlons of these types of criteria can be code- speclﬁc These
1mpr0veme ts, introduced conservatisms, and validation by comparisons with
expenmental transport results could be useful in the NEI pool-transport guidance.

P:nothé? more refined approach than the floor-fraction percentages might be to consnder

2 The NEI guidance presents the network method for open channel flow as a method of
determining flow velocities. The guidance also notes substantial limitations associated
with this method including its inability to predict turbulence intensities, flow separations
and eddies, three-dimensional velocity profiles, pool formation transients, and the
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difficulties of simulating complexities such as multiple flow entry locations associated
with realistic containment-spray drainage. Appendix C provides a comparison between
bulk-flow velocities estimated by the network method and by CFD calculations. (Note
that the title to the appendix claims a comparison of transport factors but no transport
factors were included). The bulk velocities did compare reasonably well; however,
please address the validity of the method used (for example, by referring to it’s previous
use or validation, in an NRC-accepted application) . Please further explain the stated
need to check for super critical flow conditions (analogous to sonic flow), which seems
out of place in this context. And please address the basis for claims regarding>
conservatism of results -- i.e., it would be helpful if the claims could be suﬁf;o’r"ted either
by comparisons to experiment or example calculations. 2

3. Please consider providing more supportive arguments n the NEI<g 1ggnc<?regardmg the
entrapment of debris behind curbs to justify the a?gument for permaneth 'depns etention
Please consider addressing the interaction of debrrs ]oadmgx@beh{nd the SUith 8 ;
subsequent debris accumulation. The debris lift’ ve]ocmes‘ measured dun;"grthelNRG- 1
sponsored separate effects debris transport tests‘[NUR])?_.GICR-6772] involveda’ relatrvely
‘clean curb’ - i.e., the tests introduced only smali* quanhtles of debns so that each piece

encountered a relanvely unencumbered curb P easé"‘a;ddre

)

4. The NEI guidance states that debri§located j 0 de
transport, which is more apphcaﬁ]e to debris alredd lé
compartments. However, please consrdeﬂddressrig oW suspended debris can transport
in the long-term from such % compart ient if even a small amount of water flow occurs.

i v».'” .';"

5. Please consider assesslng ‘the pote

2 ‘?.

screen, if screengdn ;the contammcf;
oyvz Vi, Please 51

~51gmﬁcantly reﬁlrdj

.F‘?

trans,portnvclo ty,

e o
TR g,

asa cntenor’f’for dcbns motron NEI guidance for the network-method

spemﬁc reasons anib hbe prov1ded otherwise. Consider that, if an occasional plece of

debris can move, }hen bulk transport could occur over an extended period of time. Also,

pulsation fro i:flow turbulence can facilitate motion of a piece of debris that would not

move ordmaniy in nonturbulent conditions. Please consider using the lowest incipient

velocities fneasured for specific types and sizes of debris under relevant flow conditions

deséﬁbe debris motion. Also consider applying this to tumbling and lift velocities.
i

%‘.ﬁhe NEI guidance contains a table of transport velocities, Table 4.4.3.4.2.5-1, for which
the following requests apply. As explained in item "f.” below, it is requested that the
column labeled "bulk transport velocities" be deleted, thereby presenting only one set of
velocity thresholds for debris transport on the floor. Please consider including
"insulation density" in the table, which could be useful since there appears to be a
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possible correlation between incipient transport velocities and material density. Also, for
settling velocities, consider citing the range and recommending use of the lower values to
ensure conservative transport, instead of citing averages. Please consider the following
additional requests concerning this table.

a. NUKON®. The recommended curb-lift velocities of 0.22 and 0.25 ft/sec for 2-
and 6-in curbs, respectively, were based on the minimum test velocities at which
debris was observed to lift (test configurations B and C, respectively in Table
C.3 of NUREG/CR-6772). Please consider reducing these velocities slightly to
0.19 and 0.22 ft/sec, respectively, to account for test varlabxhty that o€§cures the
transition between debris lift and no debris lift. Also, please address how the
comment for the NUKON entry refers to TabIe 4-8 of NU G/CR-6224 but
that NUREG/CR-6224 does not have a Table 4‘8 ik

sf
NUKON® data for generic fiberglass ne&ds, For examlc, please consi de
the generic fiberglass is heavier than or; &) -heavy as NUKON®“*th‘€n;th %
NUKON® transport velocities are adecfuzite\But‘transpon velocmc for
hghter vanety of generic fiberglass coufd;, '

"lower damage pressure” than that for‘NUKON"«fn =ihcftransport-velocxty table?

N Sty

S
And, how is the reference which cneS'the debns-generatlon secuon of

higher transport velocmes reconnnénded for en51ty fiber are not used for
lighter fiberglass pro,di_ucts othe‘gf,ff)an thosejﬁctually tested. Also consider that
the preparation of{EhSIﬁberglaSS shreds tested in NUREGICR-2982 Figure 2.12,
recently usmg’{ [8af sh:edd%i‘“ 0; those‘fﬁat would be created by a LOCA. Hence,
the adegu’a%y of jrepresentin & t etf' nerpxeces of LOCA-generated debris (and
perhaps ;l_

iraf
.thefeﬁgéd debns),‘t')r‘deletc the designation of Category ‘c’ until more complete

mformatlon ‘can be provided. Also, why are the cited documents not included in
" the st 5F {efé‘f’c’ .c‘"es'7 Has the referenced data been made available to the NRC ?
f. Mineral Wool? . Again, please consider providing more descriptive information
(e.g. densnty and shred sizes). Please expand in the report on the comment
regarding the floatation of mineral wool. For example, if it floats, then transport
to he sump would be complete unless dead-end entrapment can be defended.

I owever, the floatation data is not comprehensive because the hottest
.,temperature tested was initially only 120°F and that temperature was not
sustained. Hence, mineral wool could readily float to the sump screen first and
then subsequently sink later during the accident sequence. Note that test data for
mineral wool is very limited in the open literature. Further discussion on the
impact floatation would be useful.

g. Asbestos and Unibestos. NUREG/CR-6762, Vol. 2, lists asbestos and unibestos

as particulate insulations. Therefore, why is NUKON data recommended as a
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surrogate for asbestos and univestos, when their transport behaviors are likely to
be more similar to those of calcium silicate than those of NUKON? Please
consider assessing the physical properties of these materials in comparison with
materials of known transport properties. Then, consider adding an extra factor
of conservatism to compensate for the complete lack of data.

h. Calcium Silicate. Because a large fraction of the LOCA-generated calcium-
silicate debris would already be in the dust form (OPG data), and because the
remaining damaged pieces tend to disintegrate into silt when transported in hot
water, especially when subjected to turbulence, please consider assurﬁﬁrg that all
of the damaged calcium silicate within the sump pool tran@ports 1o the sump
screen. Please consrder and address that clarms of lmn%l:’d sinfegrati

sprays wou]d require empirical erosion ra;esJ’“’ N
i. Stainless-Steel RMI. Please consider changmg the hftg/elocny OV
from ">1.0 ft/sec” to "1.0 ft/sec” so thatﬁhe gurdance i$ more deﬁmt ve
the intended context of the discussion reg; gardmg approxrmately 23’ of: RMI
remaining suspended"? Why is it inclu &d here? ~P]ease consider thatthis
comment addresses the suspension of debns lirbulence, a topic that could be
usefully addressed in a separate section tﬁ%&xp]alnk' 10w to assess the effect of
turbulence on all types of debris. “%“/ 'y
j.  Aluminum RMI. Why is stainless steel_RMI data appli gg ;9 5 aluminum-RMI,
when the aluminum is llghter and sport and lift at. lower velocities than
stainless steel for a given sizé: £t fra ment?.21 g
k. Fire Barrier 3m Interam &Fiber 1as§ Bisnks
assumption that NUKONdata ca pe used *’by{cg;ﬁpanng the material
construction, const tué;]ts, and densmes to Iormu]ate a basis for the assumption.
Pléase note that, } @er of thésE material¢’ is less dense than NUKON, then that
material could transport at lfwer ve]ocmé‘s than NUKON. Is 3m Interam
fibrous? H %:"»r ;"
Koolghen : W )f is it ass med that NUKON data can be used as a surrogate,
whenthi

'Plleasé‘;:)nmder sustantiating the

\ _&terral (closeé{@ phenohc) is not similar to NUKON?
i Mm-K %This ’m_aiénal isa partrculate insulation type. So if its transport

o ﬁ(orurﬁ”sﬂrcate ) easé consider that 100% transport of damaged Min-K in the
AT 45

»V“‘p"ool hou[H ‘be ass ftied.

transPQ,; N hen its density is not much higher than that of high-density fiberglass
msulahonfrwhrch was assumed to transport? Please consider that all materials
will f:insport at some velocity, so if lead wool is present in containment, its
po}entxal transport cannot be dismissed. Please consider determining its

v2¢qpropertxes by testing or by comparrson with other well-characterized materials.
~0%Dust/Dirt. Dust/Dirt. The NEI suggests using calcium silicate data for dust/dirt. The above
" review request suggests 100% transport for damaged calcium silicate because of
its tendency to disintegrate into fine silt-like particles. Please consider that the
transport of dust/dirt will depend on particle size. For example, finer particles
and fiber will remain suspended and transport completely, and heavier particles
could settle and remain in place. The conservative assumption of 100%

transport could be useful as an option, but more refined guidance might be based
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on NRC-sponsored research into latent debris characterization.

p- Coatings. The NEI guidance for coatings is based on the paint sample artificially
created for UNM transport tests (NUREG/CR-6772). Please consider expanding
the sample, covering a spectrum of sizes, including fine pigment-base
particulates, in order for the guidance to consider more than one classification of
coating debris.

2.4.5 Debris Disintegration ,
What is the basis for the NEI guidance on debris disintegration (Section 4”3 4.3, Page 91)’7

Please consider that at least two test series have shown that ﬁbrous debns, &smtegrates ina
turbulent pool, but the data are currently inadequate to correlate the rate%o it
the degree of turbulence. Nerther is it known whether other P rameters Such 061 chermstry

than the incipient transport velocrty, fibrous; debris 1 oi":hkely to be subject to
disintegration and it may be neglected." Wit is the. basrs Yor thrs position? Please
address turbulence in some detail, and consider that based oh observations during the
mtegrated debris transport tests [NUE?G{QB—GYB] it 1?‘posS1b1e that debris could
remain trapped in eddies at the btnmdaneps of mowng water"irones and continue to
disintegrate at a slow rate. P, a%e also coﬁ§id€ hat, eve;{ a slow rate of
disintegration can become j ponant durmg a ong erm coolmg scenario. Note that
the integrated debris tran 1t tests ere hrmted to a*few hours.

b. Please consider dlsmtegrgon for l "debris types where disintegration is possible.
For example, some nﬁat&ﬁa]s suc s RMI wrll not disintegrate in the pool, but for
some materials sucfx ‘s calciu '"‘ﬁcate the: dlsmtegratlon may be complete.

2, Without adeqtﬁlte ata, pleasec a5t l;asmg the rate of disintegration on a
Rreonservatiyol h)’srcal rauona?‘e & g

e NUREG/CR-6224 correlation for predicting head loss
P

ds but plea & consider i improving some of the guidance regarding debris-
f tel ,T‘Piease note that the proposed correlation is empirically-based,
meamng that several cioefﬁcrents are used to best fit the correlation to observed data. Another
<$ay to look at the correlatlon is that it provrdcs a means of extrapolating from known test data to

Ly’
Sy NEI gmdance states that the NUREG/CR-6224 correlation has been extensively
vahdated (Page 110). How has it been validated for the insulations and particulates
PRkl .»expected in PWR scenarios? Although the form of the correlation is thought to be robust
for these applications, please consider citing (in the NEI guidance) the studies that have
provided validations for relevant materials. Please also consider and address that, for
other materials not previously tested, validation studies should be performed to ensure
that appropriate input parameters are used in the correlation. '

15 3/22/2004



2. The NEI document provides guidance for estimating the specific surface area parameter
(ft¥/ft®) for the correlation by examining the characteristic diameters of particles and
fibers. This guidance was adapted from NUREG/CR-6371, written in 1996. However,
please consider and address how experience gained since then, has demonstrated that
estimating the specific surface area in this manner can underestimate the specific surface
area, and hence, the predicted head loss. Then please consider the alternative approach
of applying the correlation iteratively to applicable test data -- i.e., by adjustmg the
specific surface area until the correlation correctly predicts the head loss ob erved under
conditions where all other parameters are reasonably well-controlled A]so p]ease note
the following detailed requests: 3

a. Please consider and address how attempts to‘gstlmate the 'Sp
the geometric method of a dirt sample genéateél for head 108
underestimated the specific surface area dtermined thr‘sitfgﬁft
the correlation to test data by a factor o 4‘ =

b. Please consider and address that, if a sp%clﬁc sgrface area is estimated fo
BWR-URG data for a typical size dlstnbui 0 'f' corrosion products}se N
table on Page 5 of Appendix D), the estimated.
smaller than the area of 183,000/ft recomﬁend
data in the NEI table incorrectly labeléd as "%'iny. ight:2.T
the URG, these same percentages werein "% by the"riuﬂfnber‘of particles.”

c. Please consider and address the*ﬁrkzple géometrlc equatron fiised for estimating
the specific surface area of@ paﬁrcle%ssurnes perfect si’n’he’?es Please note that
readily available literature’has more; ’gdvan' f%nnula§ that include such terms
as the shape factor. &/E’

d. In the iterative com atison of the ,NUREG/C £6224 correlation to data,
uncertainties and gggbxhtresme subsumedinto the specific surface area
estimate as the dfeais adJustea to fit well‘wrth the observed data. So, in a sense,

the surface areﬁ:ls a bulk garameter that accounts for both deficiencies in the

s fesfrng atUNM, £
e ppllcanon of &£

£, form of .F eqlratxon and §ariab ty'm the observed data. Please consider that

¥
sn_mates of }@uﬁace area (hke geometric analysrs or direct

however, please Iziddress why the presented equation is different from that provided in
NUREG/CR-63715%For example, specific surface areas in the NEI guidance are based on
the square o of fhié individual areas, whereas in NUREG/CR-6371, the areas are combined

using llneir{owers of the individual areas. Please discuss the impact of this difference, -
and Jusnfy the NEI equation through the application of the correlation to debris beds

NEI guldance provides an equation to blend the specific surface areas, it fails to provide

gﬁrdance for blending various densities for a mixture of debris, such as multiple types of
particulates.

4. The NEI guidance uses a density of 65 1b/ft> for a generic debris type called "sludge"
regardless of the actual debris material. Please consider identifying this density for iron-
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oxide sediment, but otherwise, providing debris-specific densities in analyses. Please
consider that if a generic sludge density is desired, some assessment of the head-loss
correlation be offered to assure that the recommendation conservatively bounds all
reasonable particulate types. For example, for dirt or concrete dust, where the particle
density is perhaps one-half that of iron oxide, the sludge density will be much less than
65 1b/ft. The porosity of a granular pamculate bed depends on the ratio of the sludge
density to the particle den51ty, hence, it is the assumed ratio of these two densities that is
the key issue. [The term "sludge” was applied to the correlation during the BWR
resolution because iron-oxide corrosion products represented the dommant pd/mcu]ate

A better name might be the "mud density” or the "granular densny In effeci the sludge
density determines the packing limit for a mixed bed Bndergomg c" i _ggssxon with a
high pamculate-to-f ber ratio.] Please consider thavslu‘dge densxty ‘another parameter

head-loss correlation when multiple types of partxculates co-mhabxt he bé‘

5. The NEI guidance recommends a condition of séhdar;ty.based on the s]udge:densn Asa

limit to debris bed compression (Page 112). The; sohdanty of a debris bed depends on

the dens:ty of the fibers as well as on the densxty of the partlculates but the sludge
Pl

useful..

«)3#
w3

6. The NEI guidance for fiber-bed compresswn 1nc1udes

112) that is not found in NRC-pfiblished rcports Tt 1E e ~..‘coefﬁc:ent effectively
modifies the correlation’s ass£¥ated confpression equaflfm It is recognized that the
compression equation wasfigl}dated forsNUKONPut that the coefficient (and the
exponent) could be modlfied for othé?ftypes of fibers. However, NEI did not provide
guidance for selecting alues of K4 t exj“t_h_z'l’n 515Please consider and address the need for
deductlon of appré?n te values flom te§t g "i_a?’ Please consider that application of this
fhew.c an *]eadlto erroneosﬁsfhead Hoss predictions without complete and

7. 'Ifﬁe.NEI deance correctlych?:%hunends using a conservatively-low water temperature
wﬁgg\(é p_xpatmg head 13?s a"ﬁse of the higher water viscosity. However, are safety

canalyses’ performea*to deterrnme the conservative peak water temperature, suitable for

> predicting the conservatnve]y-low water temperature? For example, it is conservative to
neglect some eat-&a‘ﬁs‘éort processes and non-safety-related equipment when estimating
a conservatlve;lﬁy hlgh temperature. But please consider the need for including these same
processes and: equnpment in the low temperature predictions, so that the estimate of water

temperatureﬁrs compatible with a conservative head-loss prediction.
A

»Lhe: NEI ‘head-loss guidance suggests that sheet types of debris (e.g., plastic sheeting and
mats) Be treated as reducing the effective screen area (Page 99), but the debris-generation
gmdance (Page 55) suggests that stickers and tape are destroyed into small pieces
(presumably to the size of particulates). Please clarify in the guidance, what type and
size of debris should be assumed. Perhaps it would be useful for both methods to be
evaluated and the one that predicts the higher head loss, be reported. Please consider

that, if there is already plenty of particulate in containment, then treating sheet debris as

Ty
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reducing the effective screen area is probably the more conservative approach.

9. Inlight of the above comments regarding the proper determination of specific surface
areas, please consider that the NEI recommendation to treat unqualified coatings as
disintegrating to pigment-base particulates could lead to conservative but unacceptably
high head-loss estimates. This is because the appropriate specific surface area for 10-
micron particles may be as much as four times higher than NEI-anticipated areas that are
based on the geometric diameter alone. Please consider providing a more realistic
treatment for plants that cannot tolerate such over conservatism, but note that apphcable
data are not available.

10. The NEI head-loss guidance suggests (Page 109) thgt%me-depe‘ﬁ
predlctnons can be performed in conjunction with ttlme-dependent pool

that reliably predlcts tlme-dependent mobility.
and validation of the quanttty of debris assume

conservatively presuming that all debris capable gf transport to the screen is placed on
the screen initially. Please also consider the bene:ﬁt of; tlme-dependent calculations of
water level that directly controls the amount of static head avatlaﬁle for water flow

across a debris bed.

11. Please expand on the formation of thm‘ e '%ffect. Plea_ke address the following
specific considerations. 7 8 & e
a. Inthe scopi g evaluatlon mentloned'm the’ gu:dance, please address
the possibility of estabhshmg a thm“bed across the existing screen, as
£ X £
was dorié:in the parainetric evaluatxon Please expand this scoping
evaluzfgon to incly de 0)) estxmatmg the quantity of fiber required to
c\reat’e 3 ~1/8-in f ck debrisbx ed across the screen, (2) estimating how
partlcula & i w“oql Ptake to establish a head loss sufficient to
eed the NPSH éfg’m, and (3) comparing these quantities to the
anti pateg quzmtmes of debris in containment.
Plgitse cqnstder and address that the 1/8-in thickness is an approximate
number thﬁ "c_ould depend upon the type of fibers. For example, if the

{ 4’1‘. e guidance, please consider providing an example thin-bed
caiculauon using a comparison to test data.
1 £ \n'the guidance, please include a discussion of operationally-created

7 thin-beds (e.g., Perry and Limerick).

¥

2t d 157

% 12. In the NEI' guxdance please develop a section on strainer design that discusses the new
hhtechno'fcc)gy that was used to resolve the BWR strainer clogging issue. For example,
lease ‘consider discussing in-detail the reasons why the stacked-disk strainers were
sticcessful at defeating thin-bed formation, accommodating large debris volumes and
permitting adequate flow. Specifically, the convoluted design forced the approaching
flow to sweep parallel across the internal faces of the disks so that debris tended to be
pushed along the surface towards the interior debris traps near the center. -This passive
flow action, a simple result of flow-resistance gradients across the screen, encourages
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efficient packing of debris without inducing extreme pressures that lead to compaction
and high head loss. This concept, in addition to the high surface area per unit volume,
are the foundations of advanced strainer design, which could be useful in the PWR
sump-screen clogging resolution as well.
13. In the NEI guidance, please consider addressing debris beds that contain very little fiber.
For example, it is possible to have a debris bed consisting of only calcium silicate, if the
screen has a fine enough mesh. In such situations, a granular-bed head-loss correlation
may be more applicable than the NUREG/CR-6224 correlation. Such recommendatxons
could be useful. o

14. The NEI guidance discusses a method of iteratively, s'givmg thet

AR LY

correlation including example solutions. Please consxder also meng‘eomng the NRC-
sponsored BLOCKAGE code, and presenting the” pros and cons“gsocmtea Wlth‘lls

application to PWR sump screens. BLOCKAGE 1mp1ement£'the head-loss.
and can be used to perform screen vulnerabllntygcalculatlons and manual ;'férgtlons 6>
confirm the appropriate choice of material parameter "hen data are availablé for

comparison.

15. In the NEI guidance for RMI debris beds, pleaséconsxd )
data rather than a single value. The value;presented would pertam‘ié stainless steel (mid-
size range). Please note that NUREG/GR-6808*contams a mores’complete set of data
that includes values appropriate j;;j uxmnum RMI 33 :we]l.

16. The NEI guidance discusses the appllcano of the~ GICR-6224 correlation to
microporous and fiber debrj s combmatlo s. It stat Srthat “the correlation is gooduptoa
particulate-to-fiber mass tlo f20%4 Teasc consnder replacing this guidance with
recommendations based on ‘the rece C ca]cmm—snhcate test report that provides the
specific surface area fi rpthe ca]cmﬁf’ sﬁlcate roduct that was tested. Please note that

’parameters for Mm-g{ are likely té be snmlar 1 those for calcium silicate, and perhaps

fC be used as{fsdrrogatc for Mln@b@'conservatwe margin is applied in con_yuncnon

- »U\ e W

._Ltb'“’h‘ﬁ appropn tejtatlonale

-~,18 Please consxdé addmg gsummary of available test data (e.g., provided in URG) that
includes NRC“ *mdustry- and internationally-sponsored tests, and lists the types of

materials tes ékd describes how the tests were executed, and perhaps provides the range
of test condmons This could be useful.

'The:fol]omng topics represent areas where either the current NEI guidance needs to be
supplemented or a modest effort could substantially improve the usability of the document.

1. Overall evaluation flow chart
2. Establish level of conservatism expectations
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Jet-to-sphere mapping

Establish destruction pressure extrapolation rationale

Complete table of destruction pressures

Computerized analysis tools (e.g., CASINOVA, BLOCKAGE)

Conservative ZOI debris-size distributions

Latent debris characterization and quantities

Characterization of coating debris

10. Generalize airborne/washdown guidance for PWRs

.11. Spatial debris distribution entering pool

12. Establish transport parameter extrapolation rationale

13. Pool debris-transport model during pool formation

14. Pool debris-transport model in established pool

15. Pool debris-disintegration model

16. Apply NUREG/CR-6224 to test data to deduce st
of correlation '

17. Establish head-loss parameter extrapolation rano' le.

18. Develop guidance for buoyant debris .

19. Prepare computerized comprehensive solution of G/CR-6224 correlation (e.g.,
PWR Version of BLOCKAGE) P L s ;

20. Description and treatment of potential chemicAl'éffects

PR B W

L-»""‘T\

Iable input pé‘g:xi‘éter for:appli

+ Please consider adding a list of 2] brev1at10ns. <

¢ Page9, Section 1.1, third paragraph Pleaséexplax ‘Why, t he mtentmn is not to replace
the plant licensing or design, b!ises when4h fact the des‘gn-baSIS may be replaced.

* Page 18, first paragraph. Plg?se updaté‘ ‘the referenté to a draft RG 1.82 Revision 3,to
the final version which as Tssued N ovember 2 037

s Page 19, Section 1 4 Bullet 2. Plga&%é’?address i6w specific plants having materials in

ﬂ'.:)he NEI gu1dance would address these materials in

o 3

stacked disk stramers)'as means of preventing thin-bed debris accumulations, in lhlS

paragraph.  F %7

»  Page 33, Secti6n 4.1, first paragraph last sentence. Please include strainer geometry in
addition to sf’ramer area (e.g., "changes in strainer area and strainer geometry”). Again,
stra1ne4ﬂgeometry can be useful in the prevention of thin-bed accumulations. In addition,

~pleas¢ con51der expanding on the scopmg process, to directly address the potentlal of

tinig a thin-bed accumulation as was done in the parametric evaluation — i.e., ~1/8"

Stithes the screen area provides a rough estimate of the minimum volume of fiber needed
to cause the high head losses associated with this type of debris bed. Comparisons of
this minimum volume of debris to preliminary estimates of potential debris generation
can quickly reveal potential vulnerabilities.

» Page 37, Section 4.2.1.1.1. Please consider including a minimum-pool-level analysis,

20 3/22/2004



which has probably been performed at most plants, in the bullet list.

» Page 37, Section 4.2.1.1.3, 4 bullet. Explain why it is necessary to assume loss of
offsite power coincident with a LOCA event. How does the loss of offsite power affect
sump screen blockage? Why not perform the analyses assuming with and without loss of
offsite power and then select the worst case?

» Page 39, Section 4.2.2.4. The abbreviation "HL" presumably means head loss?

» Page 48, Section 4.2.4.2.2. Please address the concern of a break occurring high in the
containment, where insulation might be located below the ZOI and underneath the break
and could then be damaged by the break-flow outfall. 5 %

+ Page 48, Section 4.2.4.2.3. 2™ bullet. Please consider and address the PIES: ence of small
suspended materials in these isolated areas, since even a small rate; S oEAEW will
eventually transport suspended materials to the sump‘gécreen 34

+ Page 49, Section 4.2.4.2.3, 6" bullet. Should "Secfion 4.2.4" rea ‘Sectlo' 1'4.2.5"7

* Page 50, Section 4.2.5.1. Please define the termftransportable‘“' AT t. d
transportable under some flow conditions - ¢. g“ ‘entire blank%ts and cassettes:w'
when subjected to sheet flow during sump-poohformatnon"‘f i

» Page 52, Section 4.2.5.3. Please consider adding:a’ builét’-’to the first list expla ng that
the ZOI depends upon the damage pressure of thé’RMI‘ i

aZ0l radms)" m
+ Page 54, Table 4.2.5.4.2-1. When asSe Sting: he'f ransport of fl t-plate coating debris,
what are the dimensions (other than th:ckness)}‘of the S platelets?
» Page 56, Section 4.2.5.6, 2™ bullet. If Kao‘\;iool 1s: th ame “as K-wool (from the URG)
then isn’t the destruction preséxre knownto be 40 p31 (substantlally higher than that for

«

NUKON)? 47 n{f 7
» Page 61, Table 4.2.5.6-1%:Please co Jer and address that OPG conducted tests on
Marinite board that in cated edge Erosion at oﬁly 5 pipe diameters, so the destruction
pressure for this ma’te 'ai is hkelyﬁo bessubsté‘rftlally higher than that for fiberglass.

* £Pa 23‘64, Sect@ 3% vL\Please noE.Jthat ‘ondensate drainage can also transport fine

Jast: aragraph Please also list "Fines."

-;4‘_

. Page 67 *Secnon 433z Plefgse ;consider adding a bullet to the list that includes
"stz}i{;\yfgl}s -»gnnular-'gaps"“' '

tio 4. 2.2, 2% paragraph, " and not at all in dead-ended

47 compartment 84 Please consider and address that an exception to this statement is

; suspended materlafs «*Most so-called dead-ended compartments still have some flow

passing through or,.vE')rtlces that can transport suspended material from the region given

sufficient tlme‘t

Page 717, Sectxon 4.4.2.3. Should "Hydraulic Processes” be a heading?

Page 93.,4Table 4.4.3.4.2.5-1. Please list citations ITR-92-03N and ITR-93-02N in the

refere ges Why are they not readily available? Should these sources of information be

pr0v1ded to the NRC for review and to the licensees for their use?

‘Page 104, Table 4.5.2.4-1. The material density for NUKON is given as 159 1bm/ft’,
whereas the density used in NUREG/CR-6224 and in the NEI-guidance sample problem
on Page 120 uses 175 Ibm/ft®. Please clarify.

« Page 108 mentions Reference 2.24. Why is it not provided in the reference list?

» Page 118, Section 4.5.3.3.2. Please develop this paragraph further, to include a
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description of the application of the NUREG/CR-6224 correlation to an alternate strainer
design (i.e., full screen area for an unloaded strainer vs. the circumscribed area for a fully
loaded strainer) instead of just stating, "overly conservative results."

Appendix C. The title indicates that a comparison of transport factors will be provided,
but no transport factors were calculated. Only flow velocities were compared. Some
discussion of transport factors would be useful. Please supplement this appendix rather
than renaming to reflect the present content.
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Cross-Reference Between Detailed RAI’s and Preliminary Review

Of NEI’s Draft

“PWR CONTAINMENT SUMP EVALUATION METHODOLOGY GUIDELINES”

Preliminary
Review

Item Number

(p.1,91)
¢ )
(.1,%)
(6.1:14)
(02,51
©2PR)
®2,P)

1

2

Corresponding
Detailed RAT’s

Item(s) Number(s)

Lo $eL )
Sectron 1 0, Item 1
Sectron 1.0, Item 2
Sectlonl 0 Item 7

Section 2.1
Sectron 1,0, ‘Item 3
Sectlon 1 0 Item 6

Sectron 2 2 l

Sections 2.2. 2, Items2- 8
&223,Items1-6
& 2.3, Item 4
& 2.4.4, Items 7b - 7g,
7j-7n, & 7q
&2.5,Items 1 -7

ey

Section 2.2 22,91 &Item 1

Section2.2.2, Items 1 & 8

L ey e e

Section2.2:2; Ttems 255,

&7
Section 2.2.2, Item 6 & {2
Sectlon 2 2 3 1}1
2.2,

Sectlon 22! 3 “Jtem'3
Sectron 2.2, 3 Item 4
Sectton 2 2 3 Item 5
. Sectron 224
Sectlon 2 3 “It_e_rg,l
Sectron 24.3
Sectlon 2 A4 2
Sectron 2. 4 4, . Items 1-2
Sectloq __;:LS 'Item a
Section 2.5, 91 & Item ]
Sectlon 2 5 "Item 2
Section 2.5, Item 3
Sectlgn?). 57 'Item 4
Sectlon 2.5, Item 6
Sectlon 2 5 Item 7

Sectron 2 5 uItem 12

~Sect10n 1 O Item 9
Sectron l 0 Item 8
Section 1.0, Item 5

Description

Introduction
Incompleteness
_____ _Conservatism
Consrstency and quahty
Postulated breaks
Addrtlonal testmg
Potentlal mmgatron strategles
ZOI [ mapping
Unjustified parameters

SRS

Insulatlon’destructlon pressures:

T o vy

Values omrtted for certam types

Jacket seam onentatlon bas1s
Debrls srze drstnbutlons
e VIR ON £ applxcabllrty ________
Particulate insulation assumptions
(IQ‘I}_II‘I' gssumptrons e
Daniage data conversion to. ZOI
Latent debns quantrﬁcatron
Transport logrc charts
- D&b_gs entrance into pool N
Transport dunng pool formatlon
Validation of network method
Velocrty—based dlsmtegratron
Validation of head loss correlation
Basis for.specific surface areas
Combined parameters for multiple
constxtuents in debris bed

Matenal-specrfic densrty

R

Thm-bed debns effect
Head-loss corre]atlons
Buoyant debris
Coatmg debns
Analytical tools and methods used
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7590-01 (P)
NUCLEAR REGULATORY.COMMISSION
Proposed Generic Communication
Potential Impact of Debris Blockage on Emergency Recirculation

During Design Basis Accidents at Pressurized Water Reactors

AGENCY: Nuclear Regulatory Commission.

ACTION: Notice of opportunity for public comment.

(PWR) recirculation sump screens to debris blockage durlng’deS|gn a&sgcmden s’requmng

: 'r‘ w’\;‘j.l =

recirculation operation of the emergency core cooli 29 system (ECCS) or; contalnment spray
J,.‘,.'
system (CSS) and the potential for additional ad'\f’erse effec due to debns blockage of

.};z, ,'
<

flowpaths necessary for ECCS and CSS recnrculatlon and contalnment drainage.

&

'r'ﬁo‘tlce is avajlable’ hrough the NRC's Agencywide Documents’

ATTACHMENT 13
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DATES: Comment period expires [60 days after FRN is published]. Comments submitted
after this date will be considered if it is practical to do so, but assurance of consideration cannot

be given except for comments received on or before this date.

ADDRESSEES: Submit written comments to the Chief, Rules and Directives Branch, Division

of Administrative Services, Office of Administration, U.S. Nuclear Regulatory Commission, Mail

Stop T6-D59, Washington, DC 20555-0001, and cite the publication date and page number of, y

this Federal Register notice. . Written comments may also be delivered }0~N RC Heaéc;q\u‘a;

SUPPLEMENTARY INFORMATION:




Addressees

oy

All holders of operating licenses for pressurized-water nuclear power reactors, except those

who have ceased operations and have certified that fuel has been permanently removed from

the reactor vessel.

(CSS) and the potential for addmona}

flowpaths neces{;\r&\for ECCS_and

(2)



Background

In 1979, as a result of evolving staff concerns related to the adequacy of PWF\‘ recirculation
sump designs, the NRC opened Unresolved Safety Issue (USI) A-43, “Containment Emergency

Sump Performance.” To support the resolution of USI A-43, the NRC undertbok an extensive

research program, the technical findings of which are summarized in NUREG-0897,

1985. Although the staff’s regulatory analysis concerning USI A-43 dld not ;s/upp rt |mposmg

new sump performance requirements upon licensees of operating PWHs ogg’oulmg-water

ebns bl‘.:cka e
q}»\I /ﬁy g
- 'i y’

h as thermal insulation

,4
changeouts. The 50-percent screen blockage fas‘s'hmptlon does not req ire a plant-specific

,éi".

evaluation of the debris-blockage potentlal dﬁ may result ina noﬁ‘ Conservative analysis for

the USI A-43 technical fui’éTrTgs d

7

A-43 in 1985, several events occurred ’thatvchallenged the conclusion that no new requirements

£ g

were necessaryt prevent the clogg ng of ECCS strainers at operating BWRs:




. -5 - 5
e . OnJuly 28, 1992, at Barseback Unit 2,’a Swedish BWR, the spurious opening of a pilot-
operated relief valve led to the plugging of two containment vessel spray system suction
strainers with mineral wool and required operators tb shut down the spray pumps and

backflush the strainers.

° In 1993, at Perry Unit 1, two events occurred during which ECCS strainers became

. l;'

" ‘the A loop of suppression pool cooling. The xcensee Iatera nbuted these indications to

:,’ ., .l,,‘-‘...~-ﬂ‘

ey

" a thin mat of fiber and sludge which had’af\c ,Umulated on the s: ction strainer.

"i‘-‘1Q94/Bullet|n 95-02, “Unexpected Clogging of a

\\\

r;nner While Operating in Suppression Pool Cooling’
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These bulletins requested that BWR licensees implement appropriate procedural measures,
maintenance practices, and plant modifications to minimize the potential for the clogging of
ECCS suction strainers by debris accumulation following a loss-of-coolant accident (LOCA).
The NRC staff has concluded that all BWR licensees have sufficiently addressed these
bulletins.

|

i

However, findings from research to resolve the BWR strainer clogging issue have raised

A s

e hmcal

questions concerning the adequacy of PWR sump designs. In companson to the t

4§

e

post-accident debris blockage will not impede or’ Brevent the operatuaﬂn ‘,gf the ECCS and CSS in
£ :

recirculation mode at PWRs during LOCAs or other HELB aeflgentg or which sump

; :
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mechanistic basis, with regUlatery requirements concerning the ECCS and CSS recirculation
functions. Addressees who were unable to assure regulatory compliance pending further
analysis were asked to describe any interim compensatory measures that have been
implemented or will be implemented to reduce risk until the analysis could be completed. All
licensees have since responded to Bulletin 2003-01. In developing Bulletin 2003-01, the NRC
staff recognized that it may be necessary for addressees to undertake complex evaluations to

determine whether regulatory compliance exists in light of the concerns identified i;}he bulletiﬁ?}’
A

and that the methodology to perform such evaluations was not currently avallable

- 5
that information was not requested in the bulletin but addressees w7_ mformed that the'staff
J

ol S

was preparing a generic letter that would request this information. This generlé Ietter is the

follow-on information request referenced in the bulletin.

comphance implemented or plan to |mp|ement compensatory mea ur '

otherwnse enhance the capablhty of the ECCS and CSS rec1rcu(ltlgh“funct|ons r’Dunng the

e 2% ’
‘:.‘-r.’-
/{ ‘o

process of resolving the potential concerns |de‘_'|f|ed in thls genenc letter the revised analysis

/f*’

ik

recirculation capabllltle's./t n-.accordant o wnth GL 91- 18 ﬂ
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addresses may consider continuing, revising, or retiring their compensatory measures as

appropriate.

The NRC has developed a Web page to keep the public informed of generic activities on PWR

sump performance (http://www.nrc.qov/reactors/operating/ops-experience/pwr-sump-performance.html). This

page provides links to information on PWR sump performance issues, along with

documentation of NRC interactions with industry (industry submittals, meeting notices

page as new information becomes available.

Discussion

*\ SNk
In the event of a HELB inside the containment of a PWR, enefgetxo ressure waves and fluid

P

m’s e
be generated through secondary mechanlsms,{si?c as seve e post-ac’gdent temperature and

Ah_

as disbonded coatings; amlca precni tants belng generated. Through transport methods

ﬂo {'s issuing from the break and contalnment spray

“ '

,f/ kY
such as entralnm{‘ in the Steamlwafe

washdown a{frac ion of the generated debris and foreign material in the containment would be
l
i P g.
transported to;:th_ ool of water ormed on the containment floor. Subsequently, if the ECCS or
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CSS pumps were to take suction from the recirculation sump, the debris suspended in the
containment pool would begin to accumulate on'the sump screen or be transported through the
associated system. The accumulation of this suspended debris on the sump screen could
create a roughly uniform covering on the screen, referred to as a debris bed, which would tend
to increase the head loss across the screen through a filtering action. If a sufficient amount of
debris were to accumulate, the debris bed would reach a critical thickness at which the head

loss across the debris bed would exceed the net positive section head (NPSH) margln requnre@

of NPSH margin for the ECCS or CSS pumps as a resuit of the accumylat
recirculation sump screen, referred to as sump clogging, could resdﬁ«ij{l degrade§pump \
e )i’

perfor_mance and eventual pump failure. Debris could also plug or v§ar' Iose tolerance

compb’nents within the ECCS or CSS systems.” The effect of this % aging OF wear may cause a

2 { “_:
e NRC S echnlncal assessment culminated in a
» - R s

specific data. As doc mented in

(24
4
Assessment: Pa[_é(/etnc Evaluations forwressunzed Water Reactor Recirculation Sump
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to plant-specific data and other modeling uncertainties, however, the parametric study does not
definitively identify whether or not particular PWR plants are vulnerable to sump clogging when
phenomena associated with debris blockage are modeled mechanistically.
The methodology employed by the GSI-191 parametric study is based upon the substantial

body of test data and analyses that are documented in technical reports generated during the

NRC's GSI-191 research program and earlier technical reports generated by the NRC and the-"

industry during the resolution of the BWR strainer clogging issue and USSAS Thes

ulatlon and hea \

pertinent technical reports, which cover debris generation, transport .accum

»
;
o
‘Q

° NUREG/CR-6770, “GSI-191: Thermal-Hydraulic Response %ﬁWRhg?a\Ior Coolant
‘\(\ )




=11 -
In light of the credibility of the concerns identified above, the NRC staff has determined that it is
appropriate to request that addressees submit information to confirm their plant-specific
compliance with NRC regulations and other existing regulatory requirements listed in this
generic letter pertaining to post-accident debris blockage. If addressees perform an analysis to
confirm compliance, the NRC staff recommends the use of an analysis method that
mechanistically accounts for debris generation and transport, post accident equipment and

systems operation with debris laden fluid.

In addition to demonstrating the potential for debris to clog containm Sci

operational experience and the NRC's technical assessment of GS‘r 1 91 have é Iso |dent|f|e ]
c‘

three integrally related modes by which post-accident debris blockage 'ould:adversely affect

designed assuming that relatively small structurﬁloadmgs \ ould resultpfrom the differential
5,7' £ v

pressure associated with debris blockage.. onsequent y,-PWR sump screens may not be

capable of accommodat, ng' the increg e' J:sfructural loadlngs vthat would occur due to

piping, pumps, and other componen s P nt|a|ly leading to their clogging or failure. The
ECCS stramer pluggmg and defor atlon events that occurred at Perry Unit 1 (further described

in Information |
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Combination of Operational and Post-LOCA Debris in Containment,” dated April 26, 1993, and
LER 50-440/93-011, “Excessive Strainer Differential Pressure Across the RHR Suction Strainer
Could Have Compromised Long Term Cooling During Post-LOCA Operation,” submitted

May 19, 1993), demonstrate the credibility of this concern for screens and strainers that have

not been designed with adequate reinforcement.

I

Second, in some PWR containments, the flowpaths by which containment spray or t;iek ﬂow’é“

return to the recirculation sump may include “choke-points,” where the flowpath becom s“#'o

constricted that it could become blocked with debris following a HELB‘ E amples of potentlalﬁ ’

‘)s .
choke-points are drains for pools, cavities, isolated containment com artments d constncte ,

e“‘ I
recirculation sump. The holdup or diversion of water aSjggmed to be av\allable to iupport sump

£

reduced available NPSH directly concerns su;m creen: dg'SIgn becadse the NPSH margin of
-~ e é ,. 2

the ECCS and CSS purﬁgé_; ust be co”;serva_wely calcu‘lﬂe’g}to determine correctly the

analyzed value, thereby reducing assurance that?eglrculatlow would st "cessfully function. A
e

required surface area of; passnv sump screens when mechanistically determined debris

\ i
al v

analyze in detail the po'tfe;ﬁ't»l‘;l“f:r thel£ hol

I

loadings are considered. ﬁ‘lthoug;\tb% ,@\re’megnq ;dy (NUREG/CR-6762, Volume 1) did not
d

¥ qr diversion of recirculation sump inventory, the

\?

NRC's GSI- 191 re earch identified thl phenomenon as an important and potentnally credible

concern. A number of LERs assocn ted with this concern have also been generated which

""

f"""‘"«

further Confllij‘I!S'C ednbllltygand- potential significance:
(IR - N,
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° LER 50-369/90-012, “Loose Material Was Located in Upper Containment During Unit
" Operation Because of an Inappropriate Action,” McGuire Unit 1, submitted

August 30, 1990.

. LER 50-266/97-006, “Potential Refueling Cavity Drain Failure Could Affect Accident

Mitigation,” Point Beach Unit 1, submitted February 19, 1997.

reactor core, thereby leading to inadequate core

A%
cooling. Slmllarly, debris blockageé‘t‘ flow-restrictions in the CSS flowpath, such as a

EN :
containment s‘p“rgy?ggzzle, co_qlé:lpede or prevent CSS recirculation, thereby leading to
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inadequate containment heat removal. Debris may also accumulate in close tolerance sub-
components of pumps and valves. The effect may either be to plug the sub-component thereby
rendering the component unable to perform its function or to wear critical close tolerance sub-
components to the point at which component or system operation is degraded and unable to
fully perform its function. Considering the recirculation sump screen’s design function of

intercepting potentially harmful debris, it is essential that the screen openings are adequately

sized and that the sump screen’s current configuration is free of gaps or breaches Wthh could*"

.‘al

PNt t" -
that revusmn wai\naot com&-ellyswe enough to ensure adequate

\»,;p
evaluation of a PWR plant s’ sus ',eptlblllty to th

etrimental effects caused by debris

g., trash‘ rack g and sump screens). Revision 2 altered
the debris blockage evalﬁgbtl‘c‘)r; Eﬁl&énc;e fo (d ler:v;;wsmn 1 following the evaluation of
blockage events «s/ch as the Barseback Umt 2 event mentioned above, but for BWRs only.
Revision 1 repl;ced the 50- percent /blockage assumption in Revision 0 with a comprehensive,

accumulation on debris mterceptors




L -15-
related to sump performancé. such as thermal insulation changeouts. This was in response to
the findings of USI A-43. In addition, the NRC staff is reviewing generic industry guidance and
will issue a safety evaluation report endorsing portions or all of the generic industry guidance, if
found acceptable. Once approved, this guidance may also be used to assist in determining the

status of regulatory compliance. Individual addressees may also develop alternative

approaches to those named in this paragraph for determining the status of their regulatory

compliance; however, additional staff review may be required to assess the adequacy of suchl’?’
h
approaches. If the industry guidance will not be available when the genenc letter ) zssu .d the

p\, ;
NRC will provide additional guidance for determining on a plant- specnflc basis whethe

T

compliance exists with 10 CFR 50.46(b)(5). - -

-1

NRC regulatlons,r?f‘Tltle 10, of the C;deef ‘Federal Regulations Section 50.46,(10 CFR 50.46),

require that the ECCS must satlsfy; ive criteria, one of which is to provide the capability for

e

long-term co Img of the reactor'core following a LOCA. The ECCS must have the capability to
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provide decay heat removal, such that the core temperature is maintained at an acceptably low
value for the extended period of time required by the long-lived radioactivity remaining in the
core. For PWRs licensed to the General Design Criteria (GDCs) in Appendix A to 10 CFR Part

50, GDC 35 specifies additional ECCS requirements.

Similarly, for PWRs licensed to the GDCs in Appendix A to 10 CFR Part 50, GDC 38 provides

/‘\

containment atmosphere cleanup. Many PWR licensees credit a CSS, at least i ln part ith
AN

performing the safety functions to satisfy these requirements, and PV\/Rs’that are notli

requirements for containment heat removal systems, and GDC 41 provides requirements fc:(;;}

lioensa

to the GDCs may similarly credit a CSS to satisfy licensing basis requ rements‘/’]ﬁ/ ddltlon

A
"'\k"\’c'

PWR licensees may credit a CSS with reducing the accident source term to meet the limits

N

of 10 CFR Part 100 or 10 CFR 50.67.

f lfl}e'c,i)éﬁd corrected.
‘.C }" ,
For significant conditions adverse to quality, the r%easures taken shall: |ﬂ lude root cause

*t-\- »‘f

determination and corrective action to preclude repetltlon o the adVerse conditions.
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Applicable Requlatory Guidance'

Regulatory Guide 1.82, Revision 3, “Water Sources for Long-Term Recirculation Cooling

Following a Loss-of-Coolant Accident,” November 2003.

Requested Information

-
-

10 CFR 50.46(b)(5) and other existing regulatory requirem%r;x#s’liste_tzlJn‘thgs @fnenc

- letter. The provided information should include the following:,

(a) g
susceptibility of the ECCS and CSS reo;lrculatIOn func ? for your reactor to
S rad : 1Y
adverse effects of post—accnderlf(ge’f)ns blo ka(ge and peratlon with debris laden
(b)

: 'statement of whether osqot‘;you ‘plan to perform a containment walkdown

ey

of the analysis of the susceptibility of the ECCS and CSS



- 18-
recirculation functions to the adverse effects of debris blockage identified in this
generic letter. Provide justification if no containment walkdown surveillance will be
performed. If a containment walkdown surveillance will be performed, state the
planned methodology to be used and the planned completion date. If a
containment walkdown surveillance has already been performed, state the

methodology used, the completion date, and the results of the surveillance.

Addresses are requested to provide no later than April 1, 2005, }nformatlofn {ﬁ\y"

»";-‘Prowde justification for any corrective action that will

(ie first refueling outage after April 1, 2005.



(o)

“(d)

~

-19 -

A submittal that describes the methodology that was used to perform an analysis

- of the susceptibility of the ECCS and CSS reéirculation functions to the adverse

effects of post-accident debris blockage and operation with debris laden fluids.
The submittal may reference a guidance document (e.g. Regulatory Guide 1.82,

industry guidance) or other methodology previously submitted to the NRC. If a

. mechanistic analysis was performed to confirm compliance, the documents to be

submitted or referenced should include the methodology for conducting a

: o

If a mechanistic analysis was performed to confirm cor‘q\e}iéiﬁ&e"}

., M, 5
() . The minimum available NPSH marginfordhe ECCS and CSS’pumps with
g st T, \.(14:”
-an unblocked sump screen. '
(ii) The extent of submergence o ump sqg@‘féﬁf (i.e., partial or full) at the
; o bd LT
;irﬁ%‘"o\f\the switch over fo sump rec }_}pﬂgﬁo"ﬁ, and the submerged area of

.
% € T

AV L >

1 “4.‘\

maximutm‘hea

]

. N
oss postulated from debris accumulation on the
AN

%" submerged su ‘pqtsvcy:fgen, and a description of the primary constituents of

the debris be&that result in this head loss. In addition to debris

ey

¥4
generated by jet forces from the pipe rupture, debris created by the
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resulting containment environment (thermal and chemical) and CSS
washdown should be considered in the analyses. Examples of this type
of debris are disbonded coatings in the form of chips and particulates or

chemical precipitants caused by chemical reactions in the pool.

(iv) The basis for concluding that water inventory required to ensure

adequate ECCS or CSS recirculation would not be held up or. diverted, b/>

i-"r o
sumpfe i/

debris blockage at choke-points in containment reclrculatlon

flowpaths.

V)

,‘.

f
screen, or containment spray nozzles T
f

the adequacy of the sump géreen S ﬂmesh spacmd and state the basis for

A «




(e)

‘A description of any existing or planned programmatic qntr'élsgthat will ensure

=21-

-(vii) If an active approach (e.g. back flushing, powered screens, etc.) is

selected in lieu of or in addition to a passive approach to mitigate the
effects of the debris blockage, describe the approach and associated

analyses.

A general description of and planned schedule for any changes to the plant

licensing bases resulting from any analysis or plant modification done to ensurel‘A'

VN4
compliance with the regulatory requirements listed in the Apphcable - eguiatf){;

Requirements section of this generic letter.

that, in the future, potential sources of debris introducg;h

(e.g., insulations, signs, coatings, and foreign x{aj

potential adverse effects on the ECCS and CSS* reCIrcuIatlon functlonsﬁ '

n
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(1) addressees may choose to submit written responses providing the information

requested above within the requested time periods, or

(2) addressees who choose not to provide information requested or cannot meet the
requested completion dates are required to submit written responses within 15 days of

the date of this generic letter. The responses must address any alternative course of

action proposed, including the basis for the acceptability of the proposed alternativeé,.;r:f‘ ’

course of action.

I

As dlscussed abo e, research and a falysm suggests that (1) the potential for the failure of the

ECCS and CSS redi culatlon functlons as a result of debris blockage is not adequately
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addressed in most PWR Ilcensees current safety analyses, and (2) the ECCS and CSS
recirculation functions at a svgnmcant number of operating PWRs could become degraded as a
result of the potential effects of debris blockage or extended operation with debris laden fluids
identified in this generic letter.- An ECCS that is incapable of providing long-term reactor core
cooling through recirculation operation would be in violation of 10 CFR 50.46. A CSS thatis

incapable of functioning in recirculation mode may not comply with GDCs 38 and 41 or other

plant-specific licensing requirements or safety analyses. Bulletin 2003-01 requested -

Bulletin 2003-01 WhICh is requesting information on the results of th evalue{tlons referenced ifi

the bulletin: Therefore, the information requested in this generic le:tj?

fr /f

ch addressees would be subject to
"wg\q‘f

i"
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Related Generic Communications

Bulletin 2003-01, “Potential Impact of Debris Blockage on Emergency Recirculation

During Design-Basis Accidents at Pressurized-Water Reactors,” June 9, 2003.

Bulletin 96-03, “Potential Plugging of Emergency Core Cooling Suction Strainers by

Debris in Boiling-Water Reactors,” May 6, 1996.

Bulletin 95-02, “Unexpected Clogging of a Residual Heat Removal‘(RHR)
‘t

While Operating in the Suppression Pool Cooling Mode,” Octoiaer 17, A 995

Coating Défi

cie /l;Cles and Foreign Material in Containment,”



Conditions,” October 22, 1996.

Information Notice 96-27, “Potential Cloggirg;pif;;ﬂigh

- Information Notice 96-55, “Inadequate Net Positive Suction

. Cooling and Containment Heat Removal Pumps Under De%

-25-

Generic Letter 85-22; “Potential For Loss of Post-LOCA Recirculation Capability Due to

Insulation Debris Blockage,” December 3, 1985.

Information Notice 97-13, “Deficient Conditions Associated With Protective Coatings at

Nuclear Power Plants,” March 24, 1997..

£

Valves During Recirculation,” May 1, 19953 A,

2%
i s
i av

r./’ €.

Information Noti§96
.&_““"' n, s b
£, FLen N ) \
Is Not Used Durigg:Normal Opera ion"or;:Tes;ted During Surveillances,” February 13,
T - e

1996.

4

4

iNotice 95-47, “U

; ‘eXp‘e,cted Opening of a Safety/Relief Valve and

e
A
a3

Compliations Involving Suppression Pool Cooling Strainer Blockage,” October 4, 1995.
) Tl

Informatio

G
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Information Notice 95-47, Revision 1, “Unexpected Opening of a Safety/Relief Valve and
Complications Involving Suppression Pool Cooling Strainer Blockage,” November 30,

1995.

Information Notice 95-06, “Potential Blockage of Safety-Related Strainers by Material

Brought Inside Containment,” January 25, 1995.
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d Information Notice 89-79, “Degraded Coatings and Corrosion of Steel Containment

Vessels,” December 1, 1989.

* - Information Notice 89-79, Supplement 1, “Degraded Coatings and Corrosion of Steel

Containment Vessels,” June 29, 1990.

.+1; to Insulation Debris Blockage,” May 19, 1988.:

i

Backﬁi Discussion

v
ra, "z '~
44

Under the provisions of Section 182a of the Atomic Energy Act: of 1954;as arpended and

-e

it

i ’,' ,:.1:(‘-"
10CFR 50.54(f), this generic letter transmits j?rffoymatlon"/aquest for the purpose of verifying

/ 2

nts (see the’Appllcable Regulatory -

compliance with existing apphcable regulatoiy ;eqmrer?

Specmca X;,he requnred information will enable

;J
following all postulated acc1dents fo

into account the _adverse effects of :)‘ost-ecmdent debris blockage and operation with debris

laden fluids. ded or approved by the issuance of this generic letter, and

iy

: ‘\
the staff has 'ot performed a backm analysis.

?;
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Small Business Requlatory Enforcement Fairness Act

The NRC has determined that this generic letter is not subject to the Small Business Regulatory

Enforcement Fairness Act of 1996.

Federal Register Notification

The NRC published a notice of opportunity for public comment on th!S’ geﬁerlc letter |nﬁ he

o o
;-. 4
Federal Register on ..........ceeeiverecennnns . In addition, the NRC has prO\J;lded oppor?u"r:ltles for
:"”’» £ . :

public comment at several public meetings. As the resolution of '(hIS matter progresses the b=

_,_,{-._

Paperwork Reduction Act Statement

7

This generic letter contains information collectlong that are. sObject tot

L
I}é Paperwork Reduction

£
f -
Act of 1995 (44 U.S.C. 3501 et seq.). These‘ m ormatlon c @ons,(fere approved by the

A ; A
1000 hours per response including the tlme for reviewing instructions, searching existing data
4 ¥ f“

sources, gather.mg and malntalnlnglthe necessary data, and completing and reviewing the

information collecf\bns Se’[ld co" 'mems regarding this burden estimate or any other aspect of
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these information collections, including suggestions for reducing the burden, to the Records
Management Branch, Mail étﬁb T-6 E6, U.S. Nuclear Regulatdry Commission, Washington, DC

20555-0001, or by Internet electronic mail to INFOCOLLECTS @NRC.GOV; and to the Desk:

Ofticer, Office of Information and Regulatory Affairs, NEOB-10202 (3150-0011), Office of

Management and Budget, Washington, DC 205083.




Public Protection Notification

The NRC may neither conduct nor sponsor, and an individual is not required to respond to, an
information collection unless the requesting document displays a currently valid OMB control

number.

END OF DRAFT GENERIC LETTR

Documents may be examined, and/or copied for a fee, at the NRC's Pub ic Docurr;e t R

e

reference staff at 1-800-397-4209 or 301-415-4737 or by: e-
£ ‘4

A Wnlham.D Beckner, Program Director
Operatlr‘ib Reactor Improvements

Divisjon of Regulatory Improvement Programs
; /Office of Nuclear Reactor Regulation



